A B S T R A C T

Background
The tendency for authors to submit, and of journals to accept, manuscripts for publication based on the direction or strength of the study findings has been termed publication bias.
Objectives
To assess the extent to which publication of a cohort of clinical trials is influenced by the statistical significance, perceived importance, or direction of their results.
Search methods
We searched the Cochrane Methodology Register (The Cochrane Library [Online] Issue 2, 2007), MEDLINE (1950 to March Week 2 2007 , EMBASE (1980 ( to Week 11 2007 and Ovid MEDLINE In-Process & Other Non-Indexed Citations (March 21 2007) . We also searched the Science Citation Index (April 2007), checked reference lists of relevant articles and contacted researchers to identify additional studies.
Selection criteria
Studies containing analyses of the association between publication and the statistical significance or direction of the results (trial findings), for a cohort of registered clinical trials.
Data collection and analysis
Two authors independently extracted data. We classified findings as either positive (defined as results classified by the investigators as statistically significant (P < 0.05), or perceived as striking or important, or showing a positive direction of effect) or negative (findings that were not statistically significant (P ≥ 0.05), or perceived as unimportant, or showing a negative or null direction in effect). We extracted information on other potential risk factors for failure to publish, when these data were available.
Main results
Five studies were included. Trials with positive findings were more likely to be published than trials with negative or null findings (odds ratio 3.90; 95% confidence interval 2.68 to 5.68). This corresponds to a risk ratio of 1.78 (95% CI 1.58 to 1.95), assuming that 41% of negative trials are published (the median among the included studies, range = 11% to 85%). In absolute terms, this means that if 41% of negative trials are published, we would expect that 73% of positive trials would be published.
Two studies assessed time to publication and showed that trials with positive findings tended to be published after four to five years compared to those with negative findings, which were published after six to eight years. Three studies found no statistically significant association between sample size and publication. One study found no significant association between either funding mechanism, investigator rank, or sex and publication.
Authors' conclusions
Trials with positive findings are published more often, and more quickly, than trials with negative findings.
P L A I N L A N G U A G E S U M M A R Y
Publication bias in clinical trials due to statistical significance or direction of trial results
The validity of a systematic review depends on the methods used to conduct the review. If there is a systematic bias, such that studies with statistically significant or positive findings are more likely to be published and included in systematic reviews than trials with nonsignificant findings, then the validity of a review's conclusions can be threatened. This methodology review identified five studies that investigated the extent to which the publication of clinical trials (such as those approved by an ethics review board) is influenced by the statistical significance or direction of a trial's results. These studies showed that trials with positive findings (defined either as those that were statistically significant (P < 0.05), or those findings perceived to be important or striking, or those indicating a positive direction of treatment effect), had nearly four times the odds of being published compared to findings that were not statistically significant (P ≥ 0.05), or perceived as unimportant, or showing a negative or null direction of treatment effect. This corresponds to a risk ratio of 1.78 (95% CI 1.58 to 1.95), assuming that 41% of negative trials are published.Two studies found that trials with positive findings also tended to be published more quickly than trials with negative findings. The size of the trial (assessed in three studies) and the source of funding, academic rank, and sex of the principal investigator (assessed in one study) did not appear to influence whether a trial was published.
These results provide support for mandating that clinical trials are registered before recruiting participants so that review authors know about all potentially eligible studies, regardless of their findings. Those carrying out systematic reviews should ensure they assess the potential problems of publication bias in their review and consider methods for addressing this issue by ensuring a comprehensive search for both published and unpublished trials.
B A C K G R O U N D
Completed research is frequently left unpublished (Dickersin 1990) . It has been suggested that in the case of research conducted on humans, failure to publish represents scientific misconduct, since individuals who consent to participate in research, and agencies that provide funding support for these investigations, do so with the understanding that the work will make a contribution to knowledge (Chalmers 1990) . Clearly, knowledge that is not disseminated is not making a contribution.
Failure to publish is not only inappropriate scientific conduct, it also influences the information available for interpretation by the scientific community and by clinicians. If research is left randomly unpublished, there is less information available, but that information is not necessarily biased. The tendency for investigators to submit manuscripts and of editors and reviewers to accept them, based on the strength and direction of the research findings, has been defined as publication bias (Chalmers 1990; Dickersin 1990; Dickersin 1997) .
The validity of a systematic review depends on the methods used to conduct the review and the ability to identify and include relevant studies. If there is a systematic bias, such that studies with statistically significant or positive findings are more likely to be published and included in systematic reviews than trials with nonsignificant findings, then the validity of a review's conclusions may be threatened.
O B J E C T I V E S
To systematically review studies of cohorts of clinical trials that investigate the extent to which publication is influenced by the statistical significance, perceived importance, or direction of trial results.
M E T H O D S
Criteria for considering studies for this review
Types of studies
Studies were eligible if they assessed a cohort of trials registered at onset or while ongoing, but prior to the main results being known (e.g. trials entered into a formal database, or submitted to an ethics committee or a prospective trials register).
Types of data
Eligible studies included either a complete series of trials (e.g. all registered during a specified time period) or an unbiased sample (e.g. a random sample) of trials in a cohort. Studies were accepted as clinical trials if they were so defined by the study authors, and involved the testing of a health care intervention in humans. Studies that had also included other types of research were eligible for this review, if data specifically related to clinical trials were available and could be analysed separately. If these results could not be separated, attempts were made to obtain the data from the study investigators.
Types of methods
Eligible studies needed to compare the publication of trials with positive findings with the publication of those with either negative or null findings (collectively termed negative findings for the purposes of this review). Positive findings included (1) trials classified as having statistically significant results or P < 0.05, (2) when there was no statistical test done, findings classified by the study investigator as important or striking, and (3) those findings showing a positive direction of effect as defined by the authors of the included studies. Negative findings were defined as (1) those that were not statistically significant or P ≥ 0.05, (2) where there was no statistical test done, those findings classified by the study investigator as of moderate or little importance or not striking, and (3) those findings showing a negative or null direction of effect as defined by the authors of the included studies.
Types of outcome measures
To be included studies needed to report at least one of the two primary outcomes: publication or time to publication. Secondary outcomes included other potential risk factors possibly associated with failure to publish: source of funding, sample size, number of clinical centres, investigator rank and sex. If sufficient data were available we assessed whether or not the study results were written up, reasons for failure to publish, publication in English versus other languages, publication in a MEDLINE versus non-MED-LINE-indexed journal, and publication type (e.g. grey literature, including in-house publications and theses). We also searched the Science Citation Index (April 2007) to identify additional articles that cited any included studies. Finally we contacted authors of key studies on publication bias to try to identify further studies, and checked reference lists of any included studies to identify references to possible relevant citations.
Search methods for identification of studies
Data collection and analysis
Selection of studies
Our searches identified over 5000 references. One author (SH) screened the titles and abstracts of all retrieved records to identify obvious exclusions. A second author (KL) checked all retrieved records once any obvious exclusions had been removed. Any disagreements were resolved through discussion. Each of the nonrejected records were assessed by at least two authors to see if they were likely to meet the inclusion criteria and full copies of the reports were obtained. Each of the full reports were then assessed by at least two authors to determine if they met the inclusion criteria for the review. Any disagreements were resolved through discussion.
Data extraction and management
Two authors independently extracted data from each of the included studies. Differences in data extraction were resolved by discussion. We contacted the authors of the studies if information was either incomplete or missing, or to obtain data separately for reports of clinical trials. We extracted the following data when available: Relationship of publication to positive findings and magnitude of effect:
• Statistical significance or P value (< 0.05 versus ≥ 0.05)
• Perceived importance of the findings (clinically important, striking)
• Direction of results (positive or negative)
• Time to publication
Relationship of publication to other potential risk factors:
• Funding mechanism (grant, contract, other) • Sample size (< 100, 100 to 999, > 999 or as defined in included studies)
• Number of centres • Primary investigator (male versus female)
• Primary investigator academic rank (e.g. professor, associate professor, assistant professor, other)
Outcome measures:
• Publication • Publication type (e.g. grey literature, abstract, presentation, language of publication)
Assessment of risk of bias in included studies
The following criteria, perceived as likely sources of bias, were used to assess the methodological quality of included studies: 
Data synthesis
The primary analysis was to compare publication and time to publication for trials with positive findings compared to those with negative or null findings. Studies used slightly different definitions for positive, negative and null findings and therefore we first analysed the data separately for studies using similar definitions. No statistical heterogeneity was observed among studies for the odds ratio estimate and we proceeded with combining results from the individual studies to produce an overall pooled effect estimate using the odds ratio (calculated using the Mantel-Haenszel method) and a fixed-effect model with 95% confidence intervals using The Cochrane Collaborations Review Manager software RevMan 5. In a sensitivity analysis, we converted the overall odds ratio (OR) and its 95% confidence interval to a risk ratio (RR) using the following formula: RR = OR/(1 -(R c x (1 -OR)), where R c (the control group risk) was the median proportion of negative trials that were published among the included studies. We also examined other factors potentially associated with publication, including funding mechanism, sample size, number of centres, and primary investigator rank and sex.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of studies awaiting classification.
Included studies
Five studies (Bardy 1998; Dickersin 1992; Dickersin 1993; Ioannidis 1998; Stern 1997) met the inclusion criteria and assessed the proportions of published trials in a cohort of clinical trials. All of the studies were published as full articles in journals. Studies used slightly different definitions to define trials with positive findings and trials with negative findings. The study by Bardy 1998 assessed the publication of a cohort of clinical trials notified to the National Agency for Medicine in Finland (1987) . Trials were classified by the authors as having either positive, negative or inconclusive findings (P values were not given). Dickersin 1992 assessed the publication of clinical trials approved by two institutional review boards (IRBs) in 1980 and Dickersin 1993 assessed the publication of clinical trials funded by the National Institutes of Health in 1979. In both of these studies, trial findings were classified by the primary investigator as either statistically significant, similar, or not statistically significant. When statistical tests were not used, investigators were asked to classify the findings as important or not. Ioannidis 1998 assessed the publication of AIDS trials funded by the National Institutes of Health (1986 Health ( to 1996 . Trials were classified as either positive if the P value was < 0.05 or favoured the experimental arm of the trial, or as negative if the findings were associated with a P value ≥ 0.05 or favoured the control arm of the trial. Finally, the study by Stern 1997 assessed the publication of clinical trials approved by a local ethics committee (1979 to 1988) . Trial findings were classified as statistically significant if the P value was < 0.05, as showing a non-significant trend if 0.05 < P < 0.10, or as non-significant or null if no difference was observed between the two groups (see Characteristics of included studies).
Excluded studies
Ten studies that were initially assessed as potentially eligible were later excluded from this review (Chan 2004A; Chan 2004B; Cronin 2004; Decullier 2005; Easterbrook 1991; Hahn 2002; Misakian 1998; Melander 2003; Pich 2003; Wormald 1997) . Nine studies assessed factors influencing publication in a cohort of studies such as those approved by an ethics committee or local funding body. One study assessed factors influencing publication in a cohort of studies approved by the Swedish Drug Regulatory Authority (Melander 2003) . In four studies (Cronin 2004; Decullier 2005; Easterbrook 1991; Misakian 1998 ) information on the rate of publication for positive versus negative findings was not available separately for reports of clinical trials. In three studies (Hahn 2002; Pich 2003; Wormald 1997 ) the association between publication and the statistical significance of trial results was not assessed and in two studies (Chan 2004A; Chan 2004B) no data were available on trial findings when trials were unpublished. In the final study (Melander 2003) some trials were registered after the main results had been published (see Characteristics of excluded studies).
Ongoing studies
We identified no ongoing studies.
Risk of bias in included studies
We assessed the methodological quality of the included studies using the criteria described in the Methods section. Full details of the methodological quality of the included studies are given in the 'Risk of bias tables'. In two studies (Dickersin 1993; Stern 1997) , there was less than 90% follow up of all trials; in the study by Dickersin 1993 there was 86% follow up and in the study by Stern 1997 70% follow up. In the other study (Bardy 1998) , the definition of positive and negative findings was unclear, as were control for possible confounders in the analysis.
Effect of methods
Publication and trial findings (Table 1) All five studies (Bardy 1998; Dickersin 1992; Dickersin 1993; Ioannidis 1998; Stern 1997 ) assessed the association between publication and trial findings. The percentage of published clinical trial findings varied greatly across the five studies and ranged from 93% in the study by Dickersin 1993 of National Institutes of Health trials, to 36% in the study by Bardy 1998 of Medicine Control Agency trials. Trials with positive findings were more likely to be published than trials with negative or null findings (odds ratio 3.90; 95% confidence interval 2.68 to 5.68) (Analysis 1.1; Figure  1 ). This corresponds to a risk ratio of 1.78 (95% CI 1.58 to 1.95), assuming that 41% of negative trials are published (the median among the included studies, range = 11% to 85%). In absolute terms, this means that if 41% of negative trials are published, we would expect that 73% of positive trials would be published. The risk ratio for each individual study is provided in Analysis 2.1 ( Figure 2) ; individual risk ratios were not pooled due to high levels of heterogeneity (I 2 = 88%; Chi 2 = 32.32 (df = 4); P < 0.00001). Only one of the five studies (Dickersin 1993) provided information separately for trials on why the investigators had not published the trial findings. Some of the reasons were that the trial results were not interesting or that the investigators had not had time (43%), that they had co-investigator or other operational problems (38%), and that they had additional analyses to complete (14%). In some cases, they did not know the reason.
Time to publication and statistical significance or direction of trial results (Table 2) Two studies (Ioannidis 1998; Stern 1997 ) assessed time to publication and statistical significance or direction of the trial findings. In both studies the median time to publication was calculated from a survival type analysis of all the eligible trials. In the study by Ioannidis 1998 the median time from start of enrolment to first publication was 5.5 years. This was less for trials with positive findings (P < 0.05, or as defined by the authors of the studies included in this review), with a median of 4.3 years as compared to 6.5 years for trials with negative or null findings (Hazard Ratio (HR) for time to publication for positive versus negative or null findings 3.7; 95% CI 1.8 to 7.7). The median time from completion of follow up to first publication was 2.4 years, which was shorter for trials with positive findings with a median of 1.7 years as com-pared to 3.0 years for trials with negative or null findings (HR 3.2; 95% CI 1.6 to 6.2). Stern 1997 measured the time interval between approval by the ethics committee and first publication. This was less for trials with positive findings with a median of 4.7 years (95% CI 3.8 to 5.7 as compared to 7.9 years for trials with negative or null findings (95% CI 7.2 -infinity) (HR 4.2; 95% CI 1.7 to 10.3). Further details on these studies are included in a Cochrane methodology review of time to publication for clinical trials (Hopewell 2007B).
Other potential risk factors influencing publication (Table 3) A study of trials funded by the National Institutes of Health in the US (Dickersin 1993) found no significant difference between funding mechanism and publication (grants: 91% published; contracts: 98% published; other funding: 91% published). Studies by Stern 1997 and Dickersin 1992 also assessed the association between publication and source of funding, however, it was not possible to obtain information separately for clinical trials. Three studies (Dickersin 1992; Dickersin 1993; Ioannidis 1998) assessed the association between publication and sample size. None of the studies had a statistically significant association between sample size and the proportion of trials published. In the study by Dickersin 1993, 91% of trials with a sample size of less than 100 participants were published compared to 95% of trials with a sample size of 100 participants or more. In the study by Dickersin 1992 86% of trials with a sample size of less than 100 participants were published compared to 92% of trials with a sample size of 100 participants or more. In the study by Ioannidis 1998, 51% of trials with a sample size of less than 200 participants were published compared to 79% of trials with a sample size of 200 to 1000 participants, and 67% of trials with a sample size of more than 1000 participants. The study by Stern 1997 also assessed the association between publication and sample size, however, it was not possible to obtain information separately for clinical trials. One study assessed differences in the proportion of trials published for multi-site versus single-site trials and found a difference that was not statistically significant (91% published versus 96% published, respectively, (Dickersin 1993)). One study (Dickersin 1993) assessed the association between the academic rank of the primary investigator and publication. In this study the differences were not statistically significant between rank and publication (95% of studies with a professor investigator were published; 91% with associate or assistant professor; 88% of other rank were published). One study (Dickersin 1993 ) assessed the association between sex of the primary investigator and publication. It did not find a statistically significant association between the sex of the primary investigator and publication (93% for males and 88% for females).
No information was available in the included studies for the following secondary outcome measures: publication in English versus other languages; publications indexed in MEDLINE versus non-MEDLINE; and type of publication. However, the study by Dickersin 1993 showed that 95% of published trials appeared in MEDLINE-indexed journals.
D I S C U S S I O N
Despite rigorous searches, only five studies assessing the association between findings and publication in a cohort of clinical trials were identified. These studies showed that trials with positive findings are more likely to be published, and published more quickly, compared to trials with negative findings (odds ratio 3.90; 95% confidence interval 2.68 to 5.68). These findings support those of a closely related Cochrane review assessing full publication of findings initially presented as conference abstracts. Here abstracts of clinical trials with positive findings were also published more quickly and more frequently than those with negative findings (RR 1.18, 95% CI 1.07 to 1.30) (Scherer 2007).
For our primary analysis we used the odds ratio, as planned in the protocol. In a sensitivity analysis using the risk ratio we found substantial heterogeneity (I 2 = 88%, P < 0.00001) and elected not to report the overall risk ratio. There was no evidence of heterogeneity among the odds ratios (I 2 = 0%, P = 0.66). To reduce the chances of the odds ratio being misinterpreted (as a risk ratio), we converted the overall odds ratio (OR) and its 95% confidence interval to a risk ratio, assuming that 41% of negative trials were published (the median among the included studies) and found RR 1.78; 95% CI 1.58 to 1.95. It should be noted that the corresponding risk ratio would be larger when a smaller proportion of negative trials were published and smaller when a larger proportion of negative trials were published. This is consistent with the findings of the individual studies ( Figure 2 ) and with what would be expected if the proportion of negative trials that are published is large (85% at the upper range of the included trials).
Data were available from three of the five studies included in our review assessing other risk factors potentially associated with failure to publish. Three showed no statistically significant association between sample size and publication and one study found no statistically significant association between funding mechanism, investigator academic rank, or sex and publication.
It would have been of interest to know whether positive findings are associated with abstract publication, publication in the grey literature, or full publication in indexed journals. However, this information was not available in the included studies.
Other studies not included in this review have assessed the association between publication and trial findings in a cohort of registered studies, but the subset of clinical trials was not available separately (see Characteristics of excluded studies). Attempts have been made to contact the authors of these studies but the other data were either no longer available, or the analysis was not carried out.
Only one of the five studies provided information specifically for trials on why the investigators had not published the trial findings. The most common reasons were because the investigators thought the trial findings were not interesting enough or had lack of time. These findings are supported by other studies assessing failure to publish the results of clinical research; here reasons included that the authors thought that a journal was unlikely to accept their study, or because the authors themselves perceived that the results were not important enough (Callaham 1998; Donaldson 1996; Easterbrook 1991; Weber 1998) .
In an attempt to determine whether there was any evidence of publication bias occurring after manuscripts were submitted to a journal and during the editorial process, Olson and colleagues (Olson 2002) tracked manuscripts submitted to JAMA until their publication decision. They concluded that there was no statistically significant difference in the publication rates between studies with positive and negative results. There was also no difference in the time from manuscript submission to publication in the journal for studies with positive and negative results (Dickersin 2002).
One of the potential limitations of this review is that the trials included in the studies we have reviewed were undertaken one or more decades in the past. It is possible that publication practices may have changed over the last decade which could change the results of this review, although this is unlikely given the relatively short time span. Indeed a very recent study of Food and Drug Administration registered studies suggests that failure to publish based on the strength and direction of trial findings is still significant a problem. In this study 97% (n = 37/38) of FDA clinical trials with positive findings were published compared to 33% (n = 8/24) of studies with negative findings (Turner 2008). These findings will be incorporated when this Cochrane review is next updated and all searches have been rerun systematically.
This review focuses on one very important aspect of publication bias, that is, publication associated with the trial findings. Other factors are also associated with failure to publish, for example, there is evidence to show that published reports of clinical trials funded by industry are more likely to show positive results than those trials funded by other sources such as government (Bero 1996; Djulbegovic 2000; Kjaergard 2002; Lexchin 2003) . Selective reporting of trial outcomes within studies is also a substantial problem, with trialists more likely to report and publish fully outcome measures that have positive results (Chan 2004A). In contrast, there is conflicting evidence as to whether positive findings are more likely than negative findings to be published in an English-language journals compared to non-English language journals (Egger 1997; Jüni 2002) .
The findings of this review support the need for review authors to search for and include trials in both the published and unpublished literature (Hopewell 2007A) as there is strong evidence to show that there may be systematic differences in the results of these trials. One of the problems faced by those carrying out systematic reviews is how to identify all trials for a particular condition or health care intervention, irrespective of the statistical significance or direction of the trial's results.
Publication bias in health care has been examined over many years (Dickersin 1987; Simes 1986; Simes 1987) . There is general agreement that those who carry out systematic reviews need to identify as unbiased and complete a set of relevant studies as possible for inclusion in their review, to minimize biased and misleading results. Statistical methods for detecting publication bias exist but their application can be problematic (Song 2000) . 
A U T H O R S ' C O N C L U S I O N S Implication for systematic reviews and evaluations of healthcare
Trials with positive findings are more likely to be published and published quicker than trials with negative findings. Those carrying out systematic reviews need to ensure they assess the potential problems of publication bias in their review and consider methods for addressing this issue by ensuring a comprehensive search for trials in both the published and unpublished literature. The prospective registration of all clinical trials at inception and before their results become available would enable review authors to know when relevant trials have been conducted, so that they can ask the responsible investigators for the relevant study data.
Implication for methodological research
This review focuses on one very important aspect of publication bias, that is, publication associated with the trial findings. A systematic investigation into other potential risk factors associated 
C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Bardy 1998
Methods Clinical drug trials notified to the National Agency for Medicine, Finland in 1987. Publication status was obtained by writing to the principal investigator or sponsor of each trial. A MEDLINE search was conducted (1987 -1995) 
Comparisons
Publication status of studies with significant findings compared with those with nonsignificant findings. Studies were classified as either statistically significant if the P value was < 0.05, or as not significant When statistical tests were not used, investigators were asked to classify the findings as "important" or not Outcomes Trials with significant findings were more likely to be published than those showing nonsignificant findings Total published = 136/168 (81%) Significant = 84/96 (87%) Non significant = 52/72 (72%) Other variables assessed included sample size, primary funding source, sex and academic rank Notes 1048 applications were received by the IRBs of which 514 were included in the analysis. Reasons for exclusion were: applications withdrawn, not approved, not implemented, exempt, did not describe a study, or no humans (n = 311); data on both results and publication not available (n = 223). 273 were observational studies, 73 were experimental studies and 168 were clinical trials and included data on both study results and publication
Risk of bias
Item
Authors' judgement Description
Inception cohort? Yes "The studies that formed the basis for our research were those that appeared on the logs of the two institutional review 
A D D I T I O N A L T A B L E S
